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(54) Sealing apparatus 

(57) The present invention relates to a lip-type seal 
of the outer periphery rubber type having a stationary 
sealing portion made of rubber on the outer periphery of 
a reinforcing ring. In view of the fact that there is pro- 
duced a gap corresponding to the rubber thickness of 
the stationary sealing portion between the outer periph- 
ery of the reinforcing ring and inner periphery of the seal 
attachment hole, the invention has an object to permit 
certain supporting of the reinforcing ring by means of a 
stop functional member by expanding the engagement 
area engaging with the stop functional member. More 
specifically, in the sealing apparatus of the invention, 
the engagement portion with the housing is sealed by a 
stationary sealing portion made of rubber attached to 
the outer periphery of the cylindrical portion of the rein- 
forcing ring; the sliding portion with the shaft is sealed 
by sealing lips and supported by the reinforcing ring; 
and the reinforcing ring axially engages with the stop 
functional member such as a stop ring fixed to the inner 
periphery of the housing. In this sealing apparatus thus 
prevented from coming off, the reinforcing ring is pro- 
vided with an engagement area expanding section 
which is arranged on the open-air side of the cylindrical 
portion, having a larger diameter than the cylindrical 
portion, arranged near the inner periphery of the hous- 
ing, and expands the engagement area with the stop 
ring. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 5 

[0001] The present invention relates to a sealing 
apparatus applicable for a shaft sealing portion of vari- 
ous devices and appliances, particularly to a lip-type 
sealing apparatus provided with a sealing lip. io 

Description of the Related Art 

[0002] There is conventionally known a lip-type seal in 
which a metal ring outer periphery is engaged with, and 75 
fixed to, the inner periphery of a housing, and a sealing 
lip supported by the metal ring slides in close contact 
with a shaft peripheral surface. In a lip-type sealing 
apparatus, it is the usual practice to cover the outer 
periphery of the metal ring with a stationary sealing por- 20 
tion made of a rubber-like elastic material so as to 
ensure sealing of a stationary portion over the shaft 
hole inner periphery of a housing. 
[0003] When using a pressurized liquid for sealing, 
however, a stop ring is engaged with the shaft hole inner 25 
periphery of the housing, or when a bearing is arranged 
on the open-air side of the sealing apparatus, a bearing 
outer race is used for preventing coming-off. 
[0004J When a stationary seal is not provided on the 
outer periphery of the metal ring, the open-air side end so 
of the metal ring outer periphery certainly engages with 
the stop ring. When a stationary seal is provided on the 
metal ring outer periphery, however, there is usually pro- 
duced a gap of about 1 mm between the metal ring 
outer periphery and the inner periphery of the sealing 35 
ring attachment hole of the housing, which reduces the 
size of an engagement margin with the stop ring, and 
this may make stopping unstable. In some cases, a 
deformation of the stop ring may cause inclination of the 
sealing apparatus, thus leading to a lower sealing prop- 40 
erty. 

[0005] When coming-off is prevented by means of a 
bearing, it is necessary to achieve engagement with the 
outer race while avoiding interference with the inner 
race rotating with the shaft. However because there are 45 
diverse and various sizes of bearing, it may happen that 
the inside-diameter end position of the outer race is 
large than the bore diameter of the seal attachment 
hole. It is therefore necessary to consider a stopper in 
response to a particular size of bearing. so 

SUMMARY OF THE INVENTION 

[0006] The present invention has an object to provide 
a sealing apparatus of a type having a stationary seal- 55 
ing portion on the outer periphery of a metal ring, which 
ensures support by means of a stop functional member, 
and permits display of a satisfactory sealing property for 



a long period of time. 

[0007] To achieve the above object, the present inven- 
tion provides a sealing apparatus of a lip-type seal 
structure, which is fixed to one of relatively movable two 
members and is slidable in tight contact to another one 
of movable members, the sealing apparatus compris- 
ing: 

a reinforcing ring, made of a rigid material, having a 
cylindrical portion, and f ixed to the one of movable 
members; 

a stationary sealing portion mounted to the reinforc- 
ing ring so as to seal a gap between the reinforcing 
ring and the one of movable members; 
a sealing lip supported by the reinforcing ring to be 
slidable in contact to the other one of movable 
members; 

a stopper member (stop functional member) fixed 
to the one of movable members for preventing the 
reinforcing ring from coming off through axial 
engagement with the stopper member, 
wherein the reinforcing ring is provided with an 
engagement area expanding section being 
arranged near the one of movable members and 
expanding an engagement area with the stopper 
member. 

[0008] When a sealing apparatus, such as that of the 
present invention having the configuration as described 
above, is arranged closer to one member such as a 
housing than the cylindrical portion of the reinforcing 
ring, and the engagement area expanding section for 
expanding the engagement area with the stop func- 
tional member such as a stop ring is provided as a part 
of the reinforcing ring, the apparatus firmly engages 
with the stop functional member, thus permitting display 
of a stable stop function. 

[0009] Particularly when a stop ring is used as a stop 
functional member, the position of the stopper acting 
point upon pressuring by the sealing liquid shifts to the 
side of one member side than that in the conventional 
art, and as a result, a relatively short distance between 
the action point and the fulcrum is set, leading to a rela- 
tively small moment acting on the stop ring, thus permit- 
ting effective prevention of deformation of the stop ring. 
[0010] The engagement area is known also as the 
interference area, the contact region or the contact 
area, and can be expressed in terms of the radial length 
such as the engagement length, the interference length 
or the contact length. 

[001 1 ] In one aspect of a preferred embodiment, the 
stopper member is a stop ring to be engaged with an 
engagement groove formed to an open-air side end por- 
tion of a seal fitting hole on an inner periphery of a shaft 
hole of a housing as the one of movable members, and 
the reinforcing ring comprises a cylindrical portion to 
which the stationary sealing portion made of a rubber- 
like elastic material is applied, an engagement area 
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expanding section, continuous to the open-air side end 
portion of the cylindrical portion, having a diameter 
larger than that of the cylindrical portion and being 
arranged near the inner periphery of the shaft hole, and 
an inward flange portion extending from the engage- 
ment area expanding section in a radially inward direc- 
tion, the engagement area expanding section being 
positioned within the seal fitting hole and having a larg- 
est outer diameter smaller than a diameter of the seal 
fitting hole and larger than an inner diameter of the stop 
ring. 

[001 21 When the stop functional member is a stop ring 
as described above, the engagement area with the stop 
ring is expanded and certain stopper action can be 
ensured by expanding the engagement area expanding 
section over the diameter of the cylindrical portion 
within a range of bore diameter of the seal attachment 
hole. 

[001 3] Since the engagement area expanding section 
is provided at an open-air side end position on the outer 
periphery of the metal ring, the inward flange portion 
has a higher bending rigidity as compared with a case 
without an engagement area expanding section. As a 
result, the inward flange portion is harder to bend even 
under the action of a sealing pressure, thus backing up 
the sealing lip and maintaining the contact state of the 
sealing lip. 

[001 4] A large-diameter hole having a diameter larger 
than that of the seal fitting hole is formed on the inner 
periphery of the shaft hole of the housing on the open- 
air side of the seal fitting hole, a tapered hole which 
gradually diverges toward the open-air side and is con- 
tinuous to the large-diameter hole is formed at the open- 
air side end portion of the seal fitting hole, and the 
engagement groove for the stop ring is formed at a 
boundary position between the open-air side end por- 
tion of the tapered hole and the large-diameter hole. 
[001 5] When a tapered hole is provided as described 
above, the stop ring has a slightly larger size, resulting 
in the inside-diameter end position of the stop ring 
somewhat shifting radially outside, whereas stopper 
action is ensured by the engagement area expanding 
section. 

[001 6] Further, the tapered hole guides the stationary 
sealing portion, and becomes easier to attach. 
[0017] A claw extending from an inner-diameter end 
portion of the inward flange portion in an axial direction 
toward the axial open-air side is provided to the inner- 
diameter end portion of the reinforcing ring, and the 
claw has an end portion bent outward in a radial direc- 
tion. 

[001 8] Provision of a claw makes it easier to withdraw 
the sealing apparatus. Upon withdrawal, a bending 
moment acts on the inward flange portion of the metal 
ring. However, because bending rigidity of the inward 
flange portion is improved by the engagement area 
expanding section, the inward flange portion becomes 
less susceptible to deformation. 



[001 9] The sealing tip is composed of a first sealing tip 
section which is provided on a first sealing member 
formed of a rubber-like elastic material to be integral 
with the reinforcing ring and a second seating lip section 
5 which is provided on a second sealing member made of 
a resin which is assembled between the first sealing 
member and the inward flange portion of the reinforcing 
ring so as to support the open-air side surface of the 
first sealing lip section, the first sealing member being 
,o connected to the inner periphery of the cylindrical por- 
tion of the reinforcing ring and has a main body oppos- 
ing to the inward flange portion, the first sealing lip 
section extending from the main body axially toward the 
sealing liquid side and having a tip leading end portion 
, 5 in contact to an outer periphery of the shaft in a sealed 
manner, the second sealing member having a flange 
portion held between a radial portion of the first sealing 
member and the inward flange portion of the reinforcing 
ring, and the second sealing lip section being inserted 
2 o from the inner-diameter end portion of the flange por- 
tion into an annular space between the first sealing lip 
section and the outer peripheral surface of the shaft 
through a bent portion and having an inner periphery to 
be slidable in contact to the outer periphery of the shaft. 
25 [0020] In the case of the composite type provided with 
the first and the second sealing lips as described above, 
in which the flange portion of the second sealing mem- 
ber is supported by the inward flange portion of the 
metal ring, deformation of the inward flange portion 
30 causes a shift of the second sealing lip of the second 
sealing member, and further, a change in the state of 
contact of the first sealing lip supported by the second 
sealing lip. It is therefore important to improve bending 
rigidity by providing an engagement area expanding 
35 section as described above. 

[0021] An auxiliary metal ring is disposed between the 
second sealing member and the first seating member, 
the auxiliary metal ring being provided with a support 
which is inserted between the first sealing lip section 
40 and the second sealing lip section so as to support the 
first sealing lip section. 

[0022] According to this configuration, in which the 
sealing liquid pressure acting on the first sealing lip is 
supported by the auxiliary metal ring, deformation of the 
45 first sealing lip is more effectively prevented, even under 
a higher sealing liquid pressure, also because of the 
improved rigidity of the inward flange portion of the rein- 
forcing ring, thus permitting maintenance of a proper 
contact state relative to the shaft. 
so [0023] In another aspect, the stopper member is an 
outer race of a bearing to be fitted to a sea! fitting hole 
having a diameter larger than that of the seal f itting hole 
formed adjacent to the open-air side of the seal fitting 
hole of the one of movable member as a housing, and 
55 the reinforcing ring comprises a cylindrical portion to 
which the stationary sealing portion made of a rubber- 
like elastic material is applied, an engagement area 
expanding section, continuous to the open-air side end 



3 



5 



EP 0 913 605 A2 



6 



portion of the cylindrical portion, having a diameter 
larger than that of the cylindrical portion and being 
arranged near the inner periphery of the shaft hole, and 
an inward flange portion extending from the engage- 
ment area expanding section in a radially inward direc- 5 
tion. the engagement area expanding section having a 
largest outer diameter smaller than a diameter of the 
seal fitting hole and larger than an inner diameter of the 
outer race of the bearing. 

[0024J The engagement area expanding section has 10 
a portion formed so as to project from the open-air side 
end surface of the inward flange portion axially toward 
the open-air side. 

[0025J In a further aspect, the stopper member is an 
outer race of a bearing to be fitted to a bearing fitting 15 
hole having a diameter larger than that of the seal fitting 
hole formed adjacent to the open-air side of the seal fit- 
ting hole of the one of movable member as a housing, 
and the reinforcing ring comprises a first cylindrical por- 
tion to which the stationary sealing portion made of a 20 
rubber-like elastic material is applied, an engagement 
area expanding section, continuous to the open-air side 
end portion of the first cylindrical portion, having a diam- 
eter larger than that of the first cylindrical portion and 
being arranged near the inner periphery of the seal fit- 25 
ting hole of the housing, a reversal portion which is 
reversed into a U-shaped cross-section axially toward 
the open-air side from the sealing liquid side end of the 
first cylindrical portion, a second cylindrical portion 
extending axially toward the open-air side with a prede- 30 
termined distance from the first cylindrical portion 
through the reversal portion, and an inward flange por- 
tion extending from the open-air side end of the second 
cylindrical portion in a radial inward direction, and the 
engagement area expanding section has a largest 35 
diameter substantially equal to a diameter of the seal fit- 
ting hole and larger than an inner diameter of the outer 
race of the bearing. 

[0026] When the first cylindrical portion is connected 
to the second cylindrical portion via the reversal portion, 40 
setting the diameter of the engagement area expanding 
section substantially equal to the diameter of the seal 
attachment hole causes no trouble for attachment 
because the first cylindrical portion is elastic, thus per- 
mitting maximum expansion of the engagement area in 45 
the seal attachment hole. 

[0027] In a still further aspect, the stopper member is 
an outer race of a bearing to be fitted to a bearing fitting 
hole having a diameter larger than that of the seal f itting 
hole formed adjacent to the open-air side of the seal fit- so 
ting hole of the one of movable member as a housing, 
and the reinforcing ring comprises a cylindrical portion 
to which the stationary sealing portion made of a rub- 
ber-like elastic material is applied, an inward flange por- 
tion extending inward in a radial direction from the open- 55 
air side end of the cylindrical portion, a reversal portion 
which is reversed into a U-shaped cross section axially 
outward from the inner-diameter end portion of the 



inward flange portion and an engagement area expand- 
ing section extending radially outward through the 
reversal portion, the engagement area expanding sec- 
tion having a largest outer diameter larger than a diam- 
eter of the seal fitting hole and larger than an inner 
diameter of the outer race of the bearing, and the 
engagement expanding section has an outer-diameter 
side end portion held between the sealing liquid side 
surface of the outer race and a boundary stepped por- 
tion of the seal fitting hole and the bearing fitting hole. 
[0028] According to the configuration as described 
above, there is available a certain stopper function for 
the sealing apparatus even when the inside diameter of 
the outer race is larger than the bore diameter of the 
seal attachment hole. 

[0029] In a still further aspect, the stopper member is 
an outer race of a bearing to be fitted to a bearing fitting 
hole having a diameter larger than that of the seal f itting 
hole formed adjacent to the open-air side of the seal fit- 
ting hole of the one of movable member as a housing, 
and the reinforcing ring comprises a first cylindrical por- 
tion to which the stationary sealing portion made of a 
rubber-like elastic material is applied, an engagement 
area expanding section extending outward in the radial 
direction from the open-air side end portion of the first 
cylindrical portion, a reversal portion which is reversed 
into a U-shaped cross-section axially toward the open- 
air side from the sealing liquid side end of the first cylin- 
drical portion, a second cylindrical portion extending 
axially toward the open-air side with a predetermined 
distance from the first cylindrical portion through the 
reversal portion, and an inward flange portion extending 
from the open-air side end of the second cylindrical por- 
tion in a radial inward direction, and the engagement 
area expanding section has a largest diameter larger 
than a diameter of the seal f itting hole and larger than 
an inner diameter of the outer race of the bearing, and 
said engagement expanding section having an outer- 
diameter side end portion held between the sealing liq- 
uid side surface of the outer race and a boundary 
stepped portion of the seal fitting hole and the bearing 
fitting hole. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

Rg. 1 is a half-cut sectional view illustrating attach- 
ment of a sealing apparatus of a first embodiment 
of the present invention; 
Rg. 2 is a partially enlarged view of Rg. 1 ; 
Rg. 3 is a half-cut sectional view illustrating the 
state prior to attachment of the apparatus shown in 
Rg. 1; 

Rg. 4 is a partial sectional view illustrating in an 
exaggerated form a defective attachment of shaft in 
the case where the interposed portion of the sec- 
ond sealing member and the inward flange portion 



4 



7 



EP0 913 605 A2 



8 



of the reinforcing ring of the apparatus shown in 
Fig. 1 are not bonded; 

Fig. 5 is a partial sectional view illustrating forming 
of an intermediate form of the apparatus shown in 

Rg. 1; i 
Fig. 6 is a partial longitudinal sectional view illustrat- 
ing the bending process of a resin plate from the 
intermediate form formed in Rg. 5; 
Fig. 7 is a half-cut sectional view illustrating attach- 
ment of a sealing apparatus of a second embodi- 
ment of the invention; 

Rg. 8 is a descriptive view of the state of withdrawal 
of the apparatus shown in Rg. 7; 
Fig. 9 is a half-cut sectional view illustrating the 
state of attachment of a sealing apparatus of a third 
embodiment of the invention; 
Fig. 10 is a half-cut sectional view illustrating the 
state of attachment of a sealing apparatus of a 
fourth embodiment of the invention; 
Rg. 1 1 is a half-cut sectional view illustrating the 
state of attachment of a sealing apparatus of a fifth 
embodiment of the invention; 
Fig. 12 is a half-cut sectional view illustrating the 
state of attachment of a sealing apparatus of a sixth 
embodiment of the invention; and 
Fig. 13 is a half-cut sectional view illustrating the 
state of attachment of a sealing apparatus of a sev- 
enth embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0031 ] The present invention will now be described in 
detail. 

First Embodiment 

[0032] Rgs. 1 and 3 illustrate a first embodiment of the 
present invention. As shown in Rgs. 1 and 3, the lip- 
type seal serving as the sealing apparatus of this 
embodiment is inserted from the open-air side (also 
called the anti-sealing liquid side; left side in the draw- 
ing) into a shaft hole 2 of a housing 1 serving as one of 
relatively moving members, attached to the inner 
periphery of the shaft hole 2. and slides in close contact 
with a shaft 3 serving as the other of the relatively mov- 
ing members, and coming-off in the axial direction is 
prevented by a stop ring 4 serving as a stop functional 
member. 

[0033] The inner periphery of the shaft hole 2 of the 
housing 1 has a stepped cylindrical shape converging 
from the open-air side toward the apparatus interior into 
a smaller diameter, and has a small-diameter hole 5 
presenting a relatively small-diameter cylindrical shape 
located deep in the apparatus; a stepped end face 6 
extending from the open-air side end edge of this small- 
diameter hole 5 radially outward; a cylindrical seal 
attachment hole 7 having a larger diameter than the 



small-diameter hole 5, which extends from the outside- 
diameter end of the stepped end face 6 axialty toward 
the open-air side and to which the lip-type seal is 
attached and fixed; a tapered hole 8 inclining so that the 
j inside diameter gradually expands from the open-air 
side end edge of the seal attachment hole 7 further axi- 
ally toward the open-air side; and a large-diameter hole 
9 presenting a relatively large-diameter cylindrical 
shape, which extends from the open-air side end edge 
10 of the tapered hole 8 further toward the open-air side; 
these components being provided sequentially from the 
interior of the apparatus toward the open-air side. An 
attachment groove 10 for attaching a stop ring 4 is pro- 
vided at the boundary between the tapered hole 8 and 
15 the large-diameter hole 9. 

[0034] In Figs. 1 and 3, the right hand of the lip-type 
seal is the sealing liquid side (also called the internal liq- 
uid side or the apparatus interior side), and the left hand 
is the open-air side. The stop ring 4 is made of a rigid 
20 material such as a metal, and is formed substantially 
into a C-shape as viewed in the axial direction to fully 
display the radial -direction spring force. 
[0035] The sealing apparatus 1 has a reinforcing ring 
11 made of a rigid material provided with a cylindrical 
25 portion 1 2 and fixed to the housing 1 ; a stationary seal- 
ing portion 18 made of a rubber-like elastic material, 
applied to the reinforcing ring 1 1 and sealing the gap 
between the reinforcing ring 1 1 and the inner periphery 
of the housing 1 ; a f irst sealing lip 19 made of a rubber- 
30 like elastic material, supported by the reinforcing ring 1 1 
and slides in dose contact with the shaft; and a second 
sealing lip 21 made of a resin. 
[0036] The aforementioned stationary sealing portion 
18 and the first sealing lip 19 are made of a rubber-like 
35 elastic material and formed integral with the reinforcing 
ring 1 1 to form together a first sealing member 1 30. The 
second sealing lip 21 made of a resin is held and fixed 
between the reinforcing ring 11 and the first sealing 
member 130, and serves as a second sealing member 
40 140 made of a resin. 

[0037] The reinforcing ring 1 1 is a metal ring such as 
a metal plate formed into substantially an L-shaped 
cross-section, attached to the inner periphery of the 
seal attachment hole 7 of the shaft hole 2 of the housing 
45 1 via the stationary sealing portion 1 8 made of a rubber- 
like elastic material. The reinforcing ring 1 1 is substan- 
tially composed of a cylindrical portion 12 onto the outer 
periphery of which the stationary sealing portion 18 is 
attached; an engagement area expanding section 13 
50 which is continuous to the open-air side end of the cylin- 
drical portion 12, has a larger diameter than the cylindri- 
cal portion 12, is arranged near the inner periphery of 
the seal attachment hole 7 of the housing 1, and 
expands the engagement area with the stop ring 4; and 
55 an inward flange portion 14 extending from the engage- 
ment area expanding section 13 radially inward. These 
components are formed integrally in this order. The rein- 
forcing ring 11 is formed by press forming including 



5 



EP 0 913 605 A2 



10 



drawing and bending. 

[0038] The engagement area expanding section 13 
has a tapered portion 15 on the apparatus interior side, 
continuous to the above-mentioned cylindrical portion 
12; a cylindrical portion 16 and a bend 17 on the open- 
air side, continuous to the inward flange portion 1 4, inte- 
grally formed in this order. The cylindrical portion 16 is a 
largest-diameter portion, continuous to the cylindrical 
portion 1 2 via the tapered portion 1 5 of which the diam- 
eter is reduced from the machine interior side (sealing 
liquid side) of the cylindrical portion 16 toward the seal- 
ing liquid. !t is connected to the inward flange portion 1 4 
via a bend 1 7 of substantially right angles. The engage- 
ment area expanding section 13 is positioned in the seal 
attachment hole 7 of the housing 1, and formed by 
extending, expanding or bending the open-air side end 
of the outer periphery of the reinforcing ring 11 axially 
outward, i.e., to the inner periphery side of the seal 
attachment hole 7 of the housing 1. The maximum 
diameter thereof is larger than the outside diameter of 
the cylindrical portion 12, and slightly smaller than the 
inside diameter of the seal attachment hole 7. It is fur- 
thermore set to a sufficiently larger value than the inside 
diameter of the stop ring 4 in the attached state with a 
view to expanding the axial engagement area with the 
stop ring 4. 

[0039] The outside diameter of the cylindrical portion 
12 is, as in the conventional art, smaller by a rank than 
the inside diameter of the seal attachment hole (a differ- 
ence of larger than 1 mm as actually measured). The 
maximum outside diameter of the engagement area 
expanding section 13 is very slightly smaller than the 
inside diameter of the seal attachment hole (a differ- 
ence of under 1 mm as actually measured). The inside 
diameter of the cylindrical portion 16 of the engagement 
area expanding section 13 is larger than the inside 
diameter of the stop ring 4 in the attached state. 
[0040] The first sealing member 130 is an annular 
member made of a rubber-like elastic material formed 
into substantially a U-shape opening toward the sealing 
liquid side, and is composed of a stationary sealing por- 
tion 18 attached onto the outer periphery of the afore- 
mentioned cylindrical portion 12; an inner periphery 
rubber portion 131 attached to the inner periphery of the 
cylindrical portion 12 and the engagement area expand- 
ing section 13 and connected to the stationary sealing 
portion 18 via a connecting portion 20; a radial portion 
132 which is a main body corresponding to a U-shaped 
base extending from the open-air side half of the inner 
periphery rubber portion 131 radially inward; and the 
aforesaid first sealing lip 19 extending from the inside- 
diameter end of the radial portion 132 axially toward the 
sealing liquid side (apparatus interior side) and having 
the leading end 19a thereof slidably in sealing contact 
with the shaft 3 surface. 

[0041] The stationary sealing portion 18 covers the 
cylindrical portion 12, the tapered portion 15 of the 
engagement area expanding section 13. and a part of 



the outer periphery surface of the cylindrical portion 16 
of the engagement area expanding section 13. 
[0042] The inner periphery rubber portion 131 is vul- 
canization-bonded to the cylindrical portion 12, the 

5 tapered portion 15 of the engagement area expanding 
section 13 and the inner periphery of the cylindrical por- 
tion 16. More specifically, an annular gap is formed 
between the inner periphery of the cylindrical portion 1 6 
and the outside-diameter end of the second sealing 

w member 140. and the inner periphery rubber portion 
131 penetrates also in this gap. The inner periphery 
rubber portion 131 is thus vulcanization-bonded to the 
inner peripheries of the cylindrical portion 16 and the 
bend 1 7 and the outside-diameter end of the sealing liq- 

75 uid side surface of the inward flange portion 1 4. The sta- 
tionary sealing portion 18 and the first sealing lip 19 are 
thus connected to each other via the connecting portion 
20, the inner periphery rubber portion 131 and the radial 
portion 132, and are vulcanization-formed integrally 

20 with the reinforcing ring 11 and the second sealing 
member 140. The radial size of the radial portion 132 is 
smaller than the inward flange portion 1 4 of the reinforc- 
ing ring 11, and the inside-diameter end of the radial 
portion 132 is located radially outward by a prescribed 

25 distance from the inside-diameter end of the inward 
flange portion 14. 

[0043] The sealing liquid side surface of the first seal- 
ing lip 19 is connected to the sealing liquid side surface 
of the radial portion 132 via an arcuate corner portion, 
30 and the open-air side surface of the first sealing lip 19 
forms a continuous surface with the inner peripheral 
surface of the radial portion 132. 
[0044] On the other hand, an annular recess 133 is 
provided at an angle between the inner peripheral sur- 

35 face of the radial portion 132 and the open-air side sur- 
face so as to form a partial step from the inner 
peripheral surface of the radial portion 132. The angle 
between the recess 133 bottom surface and the inner 
peripheral surface of the radial portion 132 is formed 

40 into an arcuate shape. 

[0045] The inner periphery of the lip leading end 19a 
is formed a triangular cross-section projecting radially 
inward, and the apex thereof is in contact with the entire 
peripheral surface of the shaft 3 and seals the same. A 

45 screw pumping portion such as a screw slot or a projec- 
tion provided with a screw pumping function of trans- 
porting the liquid to the sealing liquid side by rotation 
sliding with the shaft 3 may be provided on the sliding 
surface of the lip leading end 19a of the first sealing lip 

so 19, and on the slant on the open-air side beyond this 
apex. A spring ring for imparting tension may attached 
to the outer periphery of the lip leading end 19a. 
[0046] On the other hand, the second sealing member 
140 having the above-mentioned second sealing lip 21 

55 is made of a resin material such as PTFE (tetrafluor- 
oethylene) and has an interposed portion 141 which is 
a flange-shaped or collar-shaped flange held between 
the inward flange portion 14 of the reinforcing ring 11 
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and the radial portion 132 of the first sealing member 
130, and a second sealing lip 21 which is folded from 
the inside-diameter end of the interposed portion 141 
via the bend 144, and extends axially toward the sealing 
liquid side. 

[00471 The thickness of the interposed portion 1 41 of 
the second sealing member 140 is substantially equal to 
the axial length of the cylindrical portion 16 of the 
engagement area expanding section 13 of the reinforc- 
ing ring 11, and an annular gap is formed between the 
outer periphery of the interposed portion 141 and the 
inner periphery of the cylindrical portion 16 of the 
engagement area expanding section 13. 
[0048] The second sealing lip 21 is positioned in the 
annular gap between the open-air side surface of the 
f irst sealing lip 19 and the shaft 3, and the inner periph- 
ery thereof slidably in sealing contact with the shaft sur- 
face. The lip leading end of the second sealing lip 21 
extends to the jaw 19c position of the lip leading end 
19a of the first sealing lip 19. The second sealing lip 21 
has a conical shape in which the diameter gradually 
becomes smaller axially toward the sealing liquid side in 
a free state. The conical portion having a diameter 
smaller than the outer periphery of the shaft 3 is 
expanded into a cylindrical shape along the shaft 3 sur- 
face upon insertion of the shaft 3. A contact surface 
pressure is obtained from the elastic restoring force 
thereof. 

[00491 In the inserted state of the shaft 3, the sealing 
liquid side surface in contact with the outer peripheral 
surface of the second sealing lip 21 and the open-air 
side surface in contact with the inner periphery of the 
first sealing lip 19 are separated via the annular gap 
from each other so as to avoid mutual interference 
between the first sealing lip 19 and the second sealing 
lip 21 . As a result, under a ordinary pressure of the seal- 
ing liquid, the first sealing lip 19 is allowed to deform 
freely within the range of the gap, thus permitting full 
display of an excellent follow-up property relative to 
eccentricity of the shaft 3. 

[0050] It is needless to mention that, according as the 
sealing liquid pressure becomes higher, the foot portion 
19b of the first sealing lip 19 deflects radially inward, 
and under a pressure of over a prescribed level, the gap 
is eliminated: the open-air side surface of the foot por- 
tion 1 9b of the first sealing lip 1 9 comes into contact with 
the open-air side surface of the second sealing lip 21 
and the foot portion 1 9b of the first sealing lip 1 9 is sup- 
ported by the second sealing lip 21 in sliding contact 
with the shaft 3, thus regulating an excessive deforma- 
tion of the first sealing lip 19 and maintaining sealing 
property. 

[0051 3 When regulating deformation of the first sealing 
lip 19, the portion of the second sealing lip 21 from the 
bend 144 located at the foot of the interposed portion 
141 for a prescribed length supports the inner periph- 
eral surface of the radial portion 132 of the first sealing 
member 130, and further, the leading end supports the 



foot 1 9b of the first sealing lip 1 9 of the sealing member 
130. 

[0052] A recess 133 is provided at an angle between 
the inner peripheral surface and the open-air side sur- 

5 face of the radial portion 132 of the first sealing member 
130. Because this recess 133 is opposite to the bend 
144 of the second sealing member 140, a gap corre- 
sponding to the recess 133 is formed between the bend 
1 44 and the radial portion 132 even when the first seal- 

w ing lip 19 and the radial portion 132 deformed under 
pressure of the sealing liquid come into contact with the 
second sealing lip 21 . The second sealing lip 21 largely 
bends from the foot of the bend 144 by the utilization of 
this gap, and follow-up property is improved in terms of 

15 eccentricity or axial displacement of the shaft 3, and of 
course, in terms of swinging thereof. 
[0053] The interposed portion 1 41 of the second seal- 
ing member 140 opposes to the inner peripheral surface 
of the cylindrical portion 16 of the reinforcing ring 11 

20 with a prescribed annular gap in between, and this 
annular gap is filled with the rubber-like elastic material 
of the first sealing member 130. The axial length of the 
cylindrical portion 16 of the reinforcing ring 11 is sub- 
stantially equal to the thickness of the interposed por- 

25 ton 141 of the second sealing member 140. 

[0054] The interposed portion 1 41 of the second seal- 
ing member 140 is bonded and fixed to the radial por- 
tion 132 of the first sealing member 130. The outside- 
diameter side is bonded and fixed to the inward flange 

30 portion 14 of the reinforcing ring 11, and the bend 144 
on the inside-diameter side is not bonded and made 
separable. 

[0055] When the sealing liquid side 0 surface of the 
inward flange portion 14 of the reinforcing ring 1 1 is not 

35 bonded to the open-air side A surface of the interposed 
portion 141 of the second sealing member 140, as 
shown in Fig. 4, contact frictions with the shaft 3 upon 
insertion of the shaft 3 pull the second sealing lip 21 axi- 
ally to the sealing liquid side 0 and is deformed so that 

40 the inside-diameter end of the interposed portion 141 
project axially to the sealing liquid side with the outside- 
diameter end as the fulcrum. As a result of this deforma- 
tion of the interposed portion 141, the inside-diameter 
end of the radial portion 132 of the first sealing member 

45 1 30 made of a rubber-like elastic material deforms axi- 
ally to the sealing liquid side 0, and the lip leading end 
21a of the second sealing lip 21 enters the space 
between the lip leading end 1 9a of the f irst sealing lip 1 9 
and the shaft 3. The lip leading end 19a of the first seal- 

50 ing lip 19 floats up, producing a gap from the shaft 3, 
and this may cause a decrease in sealing property. 
[0056] The interposed portion 1 41 of the second seal- 
ing member 140 is therefore bonded and fixed also to 
the inward flange portion 14 of the reinforcing ring 11. 

55 [0057] The boundary P1 between the bonded area 
41 A and the non-bonded area 41 B of the second seal- 
ing member 140 to the inward flange portion 14 of the 
reinforcing ring 1 1 is aligned with the inside-diameter 
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end position P2 of the bonded area of the radial portion 
132 of the first sealing member 130 to the interposed 
portion 141. (as shown Fig.3) This bonded area corre- 
sponds to an area to which the vulcanization forming 
pressure of the first sealing member 130 is applied, 
upon mold forming, to the inward flange portion 14 of 
the reinforcing ring 11 via the resin plate 140A compos- 
ing the second sealing member 140, as described later. 
[0058] When the boundary P1 of the bonded area 
between the second sealing member 140 to inward 
flange portion 14 of the reinforcing ring 1 1 is positioned 
on the outside-diameter side from the inside-diameter 
end position P2 of the bonded area of the radial portion 
132 of the first sealing member 130 to the interposed 
portion 141 of the second sealing member 140, a gap is 
more easily formed between the interposed portion 141 
of the second sealing member 140 and the inward 
flange portion 14 of the reinforcing ring 1 1 upon attach- 
ing the shaft 3. 

[0059] On the other hand, when the boundary P1 of 
the bonded area of the interposed portion 141 of the 
second sealing member 140 to the inward flange por- 
tion 14 of the reinforcing ring 11 is positioned on the 
inside-diameter side from the inside-diameter end posi- 
tion P2 of the bonded area of the radial portion 132 of 
the first sealing member 130 to the interposed portion 
141 of the second sealing member 140, a gap is more 
hardly produced between the interposed portion 141 of 
the second sealing member 140 and the inward flange 
portion 14 of the reinforcing ring 11 upon attaching the 
shaft 3, by leads to a poorer eccentricity follow-up prop- 
erty of the second sealing lip 21 relative to shaft eccen- 
tricity of the shaft 3. 

[0060] The inside-diameter end position P1 of the 
bonded area of the interposed portion 141 of the sec- 
ond sealing member 1 40 to the inward flange portion 14 
of the reinforcing ring 1 1 should preferably be substan- 
tially in agreement with the inside-diameter end position 
P2 of the bonded area of the radial portion 132 of the 
first sealing member 130 to the interposed portion 141 
of the second sealing member 140. As a result of such 
agreement, the vulcanization-forming pressure of the 
forming material of the rubber-like elastic material acts 
on the entire bonded surface upon mold forming, thus 
ensuring satisfactory bending. 
[0061 ] A second screw pumping section such as a spi- 
ral groove having a screw pumping function for trans- 
porting the liquid between the sliding surfaces to the 
sealing liquid side by rotation sliding with the shaft 3 
may be provided on the sliding surface of the second 
sealing lip 21 with the shaft 3, or an annular groove may 
be provided to improve sealing property. 
[0062] Assembly of the sealing apparatus into the 
housing shaft hole 2 is accomplished by inserting the 
same from the large-diameter hole 9 located on the 
open-air side of the shaft hole 2 axially toward the seal- 
ing liquid side and pressure-inserting the same in to the 
seal attachment hole 7. Because a tapered hole 8 is 



provided on the entry side of the seal attachment hole 7, 
the stationary sealing portion 18 on the outer periphery 
of the reinforcing ring 1 1 is guided by the tapered hole 
8, and this ensures smooth insertion into the seal 
5 attachment hole 7. Upon completion of pressure-inser- 
tion of the sealing apparatus, coming-off is prevented by 
fitting the stop ring 4 such as a C-ring into the attach- 
ment groove 10. 

[0063] The aforementioned sealing apparatus is to 

to seal the sealing liquid (not shown) at the top right in the 
drawing: the housing 1 side is sealed by the stationary 
sealing portion 18 on the outer periphery of the cylindri- 
cal portion 12 of the reinforcing ring 11, and the mova- 
ble shaft 3 side is sealed by the first and the second 

15 sealing lips 19 and 21. 

[0064] Since the foot portion 1 9b of the first sealing lip 
19 is supported by the leading end of the second seal- 
ing lip 21 , the first sealing lip 19 is prevented from being 
turned over, thus maintaining stable sealing property. 

20 [0065] Since the interposed portion 1 41 of the second 
sealing member 140 is bonded and fixed to the inward 
flange portion 14 of the reinforcing ring 11, rotation of 
. the second sealing member 1 40 can be prevented. Fur- 
ther, the interposed portion 141 of the second sealing 

25 member is never separated from the open-air side sur- 
face of the inward flange portion 14 of the reinforcing 
ring 1 1 by frictions upon inserting the shaft 3, and the 
first sealing lip 19b never floats up. 
[0066] Because only the outside<liameter side of the 

30 interposed portion 141 is bonded and fixed to the 
inward flange portion 14, and the bend 144 on the 
inside-diameter side is not bonded, it is possible to 
improve eccentricity follow-up property of the second 
sealing member 140 by causing deformation not only of 

35 the second sealing lip of the second sealing member 
140 but also of the inside-diameter side of the inter- 
posed portion 141 upon eccentricity of the shaft 3, thus 
permitting improvement of sealing property of the seal- 
ing apparatus. 

40 [0067] The engagement area expanding section 13 
extending to the housing 1 side as described above, 
and substantially expanding the axial engagement area 
with the stop ring 4 is provided integrally with the rein- 
forcing ring 1 1 as a part thereof. This ensured certain 

45 engagement and permits full display of stable stopper 
function. 

[0068] Particularly when the housing 1 has a tapered 
hole 8 and the stop ring 4 attached to the large-diameter 
portion 9, as in this embodiment, the stop ring 4 would 
so have a larger size, although the inside-diameter end 
position somewhat shifts radially outside, and the 
engagement area expanding section 13 ensures certain 
stopper function. 

[0069] The action point position upon pressurizing 
55 with the sealing liquid is change radially outside than 
that in the conventional art, i.e.. on the housing 1 side, 
resulting in a shorter distance L2 between the action 
point P3 and the fulcrum P4 (as shown Fig.2) 
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[0070] This leads to a relatively smaller bending 
moment caused by the sealing liquid acting on the stop 
ring 4 via the aforementioned sealing apparatus. It is 
thus possible to effectively prevent deformation of the 
stop ring 4. It is therefore possible to prevent inclination 
of the sealing apparatus caused by deformation of the 
stop ring 4 even under a larger pressure of the sealing 
liquid, permitting display of an excellent sealing property 
for a larger period of time. While the reinforcing ring 1 1 
including the engagement area expanding section 13 
directly engages with the stop ring, this engagement 
may be made via a buffer material such as a rubber film 
(not shown). 

[0071 ] Because the engagement area expanding sec- 
tion 13 is provided at the open-air side end position on 
the outer periphery of the reinforcing ring 11 so as to 
project radially, the inward flange portion 14 has a 
higher bending rigidity as compared with a case without 
an engagement are expanding section 13. Even under 
action of the sealing pressure, therefore, the inward 
flange portion 14 is hardly bent, can maintain appropri- 
ate contact state of the sealing lips, and permits further 
improvement of sealing property, together with the 
deformation preventing function of the stop ring 4. 
[0072] In the composite type provided with the first 
and the second sealing lips 1 9 and 21 as in the present 
embodiment, the interposed portion 141 of the second 
sealing member 140 is supported by the inward flange 
portion 14 of the reinforcing ring 11. Deformation of the 
inward flange portion 14 therefore causes shifting of the 
second sealing lip 21 of the second sealing member 
1 40, and further causes a change in the contact state of 
the first sealing lip 19 supported by the second sealing 
lip 21 . It is therefore important to improve bending rigid- 
ity by providing such as engagement area expanding 
section 13. 

[0073] A manufacturing method of the sealing appara- 
tus of the above-mentioned embodiment will now be 
described with reference of Figs. 5 and 6. 
[0074] In the manufacture of the sealing apparatus, 
the flat washer-shaped resin plate 140A serving as the 
second sealing member 140 and the reinforcing ring 1 1 
are previously fabricated on a preliminary parts level. 
The reinforcing ring 1 1 is formed through press forming 
including drawing and bending. The resin plate is 140A 
formed by punching a resin sheet of PTFE, for example, 
or cutting the end face of a thick cylindrical resin raw 
material into a flat washer-shaped plate having a pre- 
scribed thickness. 

[0075] The forming process of the reinforcing ring 1 1 
and the resin plate 140 A is carried out through steps of 
inserting the reinforcing ring 1 1 and the resin plate 140A 
into a forming mold 391 , conducting a process known 
as insert forming of forming an intermediate form by 
forming integrally with the first sealing member 130, and 
then, bending the resin plate 140A, which is the stripped 
intermediate form, thus forming the second sealing lip 
21. The intermediate form means the state prior to 



bending of the second sealing lip 21 of the second seal- 
ing member 140, in which inside-diameter side half of 
the flat washer-shaped resin plate 140A forming the 
second sealing member 140 extends radially. 

s [0076] The forming mold 391 for the intermediate form 
in the present invention has a lower die 392 serving as 
a first mold component, a first upper die 393 serving as 
a second mold component, and a second upper die 394 
serving as a third mold component as shown in Fig. 5. 

w [0077] The lower die 392 is provided with a circular 
recess 392b into which the reinforcing ring 11 arid the 
flat washer-shaped resin plate 140A are inserted; a 
center projection projecting at the bottom center of the 
recess 392b and having a cylindrical guide 392a which 

75 guides the inner periphery of the resin plate 140A and 
thus serves as a positioning reference for carrying out 
radial positioning thereof, and an annular step 392d pro- 
truding from the bottom surface of the recess around 
the guide 392a on the bottom of the recess and with 

20 which the inner periphery of the inward flange portion 
14 of the reinforcing ring 1 1 . The guide 392a is provided 
on the outer periphery of the lower end of the center 
projection 392c. The portion on top of the guide 392a of 
the center projection 392c takes a frustoconical shape 

25 converging gradually upward into a smaller diameter to 
ensure easy insertion of the resin plate 140A. 
[0078] The annular step 392d has a height agreeing 
with the thickness of the inward flange portion 14 so 
that, upon engagement with reinforcing ring 11, the 

30 inward flange portion 1 4 and the annular step 392d are 
flush with each other. The resin plate 140A is placed on 
substantially the flat surface formed by the inward 
flange portion 14 of the reinforcing ring 11 and the 
annular step 392d, and the resin plate 140 A is radially 

35 positioned through engagement of the inner periphery 
thereof with the outer periphery of the guide 392a of the 
center projection 392c. 

[0079] In the state in which the reinforcing ring 1 1 and 
the resin plate 140A are positioned in the lower die 392, 

40 on the other hand, an annular gap g is formed between 
the outside-diameter end 141c of the resin plate 140 A 
and the inner peripheral surface of the cylindrical por- 
tion 16 of the reinforcing ring 1 1 so as not to impair posi- 
tioning of the resin plate 140 A relative to the guide 

45 392a. 

[0080] When setting the resin plate 1 40A in the lower 
die 392, positioning may be conducted by engaging the 
peripheral surface of the outside-diameter end of the 
resin plate 140A with the inner periphery of the cylindri- 

50 cal portion 321 of the reinforcing ring 11. The inside 
diameter and thickness of the resin plate 140A are 
important properties for determining the supporting 
position for preventing tension and deformation of the 
first sealing lip 19 caused upon sliding of the second 

55 sealing lip 21 with the shaft 3, and are controlled with 
strict size tolerances. 

[0081] In order to perform positioning of the inside- 
diameter end of the resin plate 140A by means of the 
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outside-diameter end of the resin plate 140A, it is nec- 
essary to fabricate the outside-diameter end surface of 
the resin plate 140A under a strict size control. It is also 
necessary to accurately position the reinforcing ring 1 1 
serving as an attachment reference of the resin plate 
140 A relative to the lower die 392, and to conduct high- 
accuracy engagement of the inside-diameter end of the 
inward flange portion 14 of the reinforcing ring 11 with 
the annular step 392d of the lower die. 
[0082] However, engagement of the inward flange 
portion 14 of the reinforcing ring 1 1 and the annular step 
392d is a metal-to-metal one. The annular step 392d is 
therefore susceptible to wear, and failure to apply a 
proper size control may cause occurrence of eccentric- 
ity of the reinforcing ring 1 1 and resultant eccentricity of 
the second sealing lip 21 , and may cause a decrease in 
sealing property. 

[0083] In this respect, by positioning relative to the 
forming mold 392 with reference to inside-diameter end 
of the resin plate 140A, it is not necessary to apply a 
high-accuracy fabrication of the outside-diameter end of 
the resin plate 140A, and it suffices to conduct fabrica- 
tion only for the inside diameter and the thickness, 
which are important parameters, thus permitting reduc- 
tion of the number of steps. 

[0084] Because the reinforcing ring 1 1 is not used as 
a reference for positioning the resin plate 1 40A, it is pos- 
sible to use a lower positioning accuracy for the reinforc- 
ing ring 1 1 itself, allow wear caused by metal-to-metal 
engagement between the reinforcing ring 1 1 and the 
annular step 392d of the lower die 392 within a certain 
range, and sometimes to omit a portion of maintenance 
and quality control steps of the forming mold 391 . 
[0085] It is thus possible to facilitate fabrication of the 
second sealing member 140, achieve a highly accurate 
assembly of the second sealing member 140 in the 
forming process, and improve the step. There is there- 
fore available a sealing apparatus capable of displaying 
a satisfactory sealing property. 
[0086] The first upper die 393 is inserted into the 
recess 392b of the lower die 392. An annular pressing 
surface 393a pressing the resin plate 140A on the 
inward flange portion 14 of the reinforcing ring 11 
placed on the bottom of the recess 392b is provided at 
the lower end of this inserted portion 393c, and a first 
sealing lip open-air side surface forming the open-air 
side surface of the first sealing lip 19 of the first sealing 
member 130 are provided. More specifically, a hole 
393b for inserting the top end of the center projection 
392c of the aforementioned lower die 392 is provided on 
the lower end surface of the first upper die 393. The 
aforesaid pressing surface 393a is provided at the lower 
end outside-diameter end of the inserted portion 393c 
so as to surround this hole 392b. 
[0087] The second upper die 394 has an annular con- 
vex portion 394a inserted into the recess 392b of the 
lower die 392 and forming the radial portion of the first 
sealing member 130 and the sealing liquid side surface 



of the first sealing lip 1 9. This second upper die 394 is a 
ring member at the center of which the aforesaid first 
upper die 393 is assembled. The lower end surface 
394b radially outside the annular convex portion 394a 

5 serves as a dividing plane hitting a flat surface 392e sur- 
rounding the recess 392b of the lower die 392. 
[0088] The intermediate form is formed by placing the 
reinforcing ring 11 with the inward flange portion 14 
downward into the opened lower die 392, inserting the 

to resin plate 1 40A formed into a flat washer shape via an 
adhesive onto the inward flange portion 14, and charg- 
ing a rubber-like elastic raw material R. 
[0089] Then, the first upper die 393 is closed. The 
resin plate 140A is pressed with the pressing surface 

75 thereof, and swishing is performed on the boundary 
between the outside-diameter side half and the inside- 
diameter side half of the resin plate 140 A. In this state, 
the second upper die 394 is closed at a prescribed 
speed, and the entire forming mold 391 is heated to f lu- 

20 idize the rubber raw material R. The entire cavity is filled 
with the raw material rubber by pressing the same 
under the closing pressure. Thus, simultaneously with 
forming of the first sealing member 130, the outside- 
diameter side half of the resin plate 140A and the 

25 inward flange portion 14 of the reinforcing ring 11 are 
bonded and fixed, thereby forming the intermediate 
form. 

[0090] The radial portion 132 of the first sealing mem- 
ber 130 made of a rubber-like elastic material and the 
30 resin plate 140A are bonded during the mold forming 
stage without coating an adhesive. An adhesive may 
however be coated onto the bonded area of the resin 
plate 140 A. 

[0091] For the contact surface between the inward 

35 flange portion 14 of the reinforcing ring 1 1 and the inter- 
posed portion 141 of the second sealing member 140, 
only the area subjected to the forming pressure of the 
raw material rubber R, i.e., only the area radially outside 
the pressing surface 393a of the first upper die 393, 

40 subjected to the action of the vulcanization forming 
pressure via the resin plate 140A is fixed by bonding. 
The area not subjected to the vulcanization forming 
pressure, radially inside the area including the pressing 
surface 393a is left unbonded. 

45 [0092] Upon completion of insert-forming, the forming 
mold is opened to strip off the formed product, and then, 
the first sealing lip 19 of the first sealing member 130 is 
fabricated (for example, single-surface cut or double- 
surface cut along the cut line in the drawing), and at the 

50 same time, the inside-diameter side half of the resin 
plate 1 40A is bent by means of a bending forming appa- 
ratus, thereby forming the second sealing lip 21 . 
[0093] The bending fabrication is carried out by 
means of a bending forming apparatus as shown in Rg. 

55 6. 

[0094] The intermediate form before bending is fixed 
by means of an annular fixing jig 200 while exposing the 
first sealing lip 19 and the inside-diameter half of the 
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resin plate 1 40A toward inside. The intermediate form is 
bent into a cylindrical shape while expanding the diam- 
eter of the inside-diameter side half of the resin plate 
140 A by inserting a rod-shaped forming jig 210 having a 
tapered surface 210a into the fixing jig 200. 
[0095] The fixing jig 200 is capable of pressure-bond- 
ing and separable, and has first and second fixing rings 
201 and 202 for fixing the first sealing lip 19 and the 
inside-diameter half of that in the exposed state. 
[0096] An annular step 201b having an L-shaped 
cross-section is provided on the upper edge of the 
inside-diameter end of the first fixing ring 201. The 
inward flange portion 1 4 of the reinforcing ring 1 1 of the 
intermediate form is place on this annular step 201b, 
and the outer periphery rubber 18 of the first sealing 
member 130 is engaged with the inner peripheral wall 
201a surrounding the annular step 201b. on the other 
hand, the second fixing ring 202 has a pressing surface 
202a which comes into contact with the leading end of 
the cylindrical portion 12 of the first sealing member 130 
and holds the intermediate form between the same and 
the annular step 201b of the first fixing ring 201, and an 
annular holding projection 202b which projects from the 
inside-diameter end into a cylindrical shape for engage- 
ment with the inner periphery of the cylindrical portion 
12 of the f irst sealing member 130 and holds down the 
radial portion 132. In a state in which the intermediate 
form is fixed with the fixing jig 200, the first sealing lip 1 9 
is housed in a center hole 202c of the second fixing ring 
202. 

[0097] On the other hand, the forming jig 21 0 is com- 
posed of a round rod having substantially the same 
diameter as the shaft 3. The forming jig 210 is axially 
and relatively movably assembled with the fixing jig 200 
and has at the leading end thereof a tapered portion 
210a which is pressure-inserted into the center hole 
and bends it gradually in the axial direction while 
expanding the bore of the inside-diameter side half of 
the resin plate 140A. 

[0098] The resin plate 140A is bent by pressure- 
inserting the forming jig 210 with the tapered portion 
210a as the leading end axially into the center hole of 
the resin plate 140 A, and axially bending it while gradu- 
ally expanding the bore end of the resin plate 140A 
along the shape of the tapered portion 210a, thereby 
forming the second sealing lip 21. At this point, a force 
pulling in the inserting direction of the forming jig 210 
acts on the outside-diameter side haK (the interposed 
portion 141 of the second sealing member 140} of the 
resin plate 1 40A held between the inward flange portion 
1 4 of the reinforcing ring 1 1 and the radial portion 132 of 
the first sealing member 130. Deformation of the out- 
side-diameter half of the resin plate 140A is however 
prevented because it is bonded to the inward flange por- 
tion 14 on the outside-diameter side of the resin plate 
140 A, and further, held down via the radial portion 132 
by the holding projection 202b of the second fixing ring 
202. 



[0099] After thus bending the second sealing lip 21 . 
the forming jig 210 is removed axially in the reverse 
direction, and the finished product of the sealing appa- 
ratus is taken out by separating the first and the second 
5 fixing rings 201 and 202 from each other. 

Second Embodiment 

[0100] Figs. 7 and 8 illustrate a second embodiment 

w of the present invention. 

[01 01 ] In the second embodiment, a claw 230 extend- 
ing from the inside-diameter end toward the open-air 
side and bent outward is provided on the inward flange 
portion 14 of the reinforcing ring 1 1 of the first embodi- 

15 merit The same components as in the first embodiment 
are assigned the same reference numerals, and 
description thereof is omitted here. 
[01 02] The claw 230 in this embodiment is composed 
of a cylindrical portion 231 having an inside diameter 

20 substantially equal to the inside diameter of the inward 
flange portion 14, and an outward flange portion 232 
bent outward from the open-air side end of the cylindri- 
cal portion 231. 

[01 03] Assembly of the sealing apparatus is accom- 

25 plished by inserting the sealing apparatus from the 
open-air side of a shaft hole 2 toward the sealing liquid 
side so that the sealing liquid side end of the cylindrical 
portion 12 of the reinforcing ring 1 1 hits via a connecting 
portion 20 a stepped end face 6 at the depth of a sealing 

30 attachment hole 7 of a shaft hole 2 (there is actually a 
gap from the stepped end face 6), and fitting a stop ring 
4 such as a C-ring into an attachment groove 10. 
[01 04] Withdrawal of the sealing apparatus from the 
shaft hole 2 can be easily conducted by, as shown in 

35 Fig. 8, removing the stop ring 4, and then pulling out the 
claw 230 provided on the inward flange portion 1 4 of the 
reinforcing ring 11 in the A1 direction by holding the 
claw 230 between claws 234 of the pulling jig 233. 
[01 05] A bending moment acts onto the inward flange 

40 portion 14 of the reinforcing ring 11 upon withdrawal. 
However, because bending rigidity of the inward flange 
portion 1 4 is improved by the engagement area expand- 
ing section 13, the inward flange portion 14 is hardly 
susceptible to deformation. 

45 [01 06] There may be adopted a configuration formed 
by notching the outward flange portion 232 of the claw 
230, inserting a claw 234 of a removing jig 233 into the 
notch, and rotating the removing jig 233 by a prescribed 
angle, thereby engaging the claw 234 with the 

so unnotched portion of the outward flange portion 232. 

Third Embodiment 

[01 07] Fig. 9 illustrates a sealing apparatus of a third 
55 embodiment of the invention. 

[01 08] In the third embodiment, a pressure-resistant 
auxiliary metal ring 22 is provided between a f irst seal- 
ing lip 19 and a second sealing lip 21 on the back of a 
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first sealing lip 19, with a view to preventing an exces- 
sive deformation of the first sealing lip 19 under the 
effect of the sealing liquid pressure. 
[01 09] The auxiliary metal ring 22 has a tapered cylin- 
der 235 composing a support extending along the first 
sealing member 19; a fixed flange portion 236 which is 
provided at the larger-diameter end of the tapered cylin- 
der 235, bonded and fixed along the open-air side sur- 
face of the radial portion 132 of the first sealing member 
130; and an inward bend 237 which is provided at the 
smaller-diameter end of the tapered cylinder 235 and is 
bent along a jaw portion 19c of the first sealing lip 19. 
The tapered cylinder 235 is arranged so as to support a 
foot portion 19b of the first sealing lip, and the inward 
flange portion is arranged so as to project radially 
inward (on the shaft 3 side) the jaw portion 19c of the lip 
leading end 19a. 

[0110] Even when the sealing liquid is under a high 
pressure, therefor, it is possible to prevent the first seal- 
ing lip 19 from being turned over. 
[01 1 1 ] Since the sealing liquid pressure acting on the 
first sealing lip 19 is supported by the auxiliary metal 
ring 22, it is possible, even under a higher sealing liquid 
pressure, to more effectively prevent deformation of the 
first sealing lip 19 and maintain an appropriate contact 
state with the shaft, together with improved rigidity of 
the inward flange portion 1 4 of the reinforcing ring 1 1 . 
[0112] Because the other configuration and opera- 
tions are quite the same as in the first embodiment, the 
same components as in the first embodiment are 
assigned the same reference numerals, and description 
thereof is omitted here. 

Fourth Embodiment 

[0113] Fig. 10 illustrates a sealing apparatus of a 
fourth embodiment of the present invention. 
[0114] The sealing apparatus of this embodiment is an 
oscillating seal for power steering, which is inserted into 
a shaft hole 402 of a housing 401 serving as one of rel- 
atively moving members from the open-air side (also 
called the anti-sealing liquid side; top and bottom in Fig. 
10), attached to the inner periphery of the shaft hole 
402, and slides in close contact with the peripheral sur- 
face of a shaft 403 serving as the other of the relatively 
moving members. Prevention of the coming-off in the 
axial direction, holding or retaining is accomplished by 
an outer race of a bearing 423 serving as a stop func- 
tional member. In fig. 10, the top of the sealing appara- 
tus is the sealing liquid side (also called the internal 
liquid side or the apparatus interior side), and the bot- 
tom is the open-air side. 

[01 1 5] The inner periphery of the shaft hole 402 of the 
housing 401 has a stepped cylindrical shape, of which 
the diameter becomes smaller from the open-air side 
toward the apparatus interior, and has a small-diameter 
hole 405 located deep in the apparatus and presenting 
a cylindrical shape of a relatively small diameter; a step 



end face 406 extending from the open-air side end edge 
of the small-diameter hole 405 radially outward; a cylin- 
drical seal attachment hole 407, having a larger diame- 
ter than the small-diameter hole, and extending from the 

5 outside-diameter end of the stepped end face 406 axi- 
ally toward the open-air side, to which the lip type seal 
is attached and fixed; a stepped end face 427 extending 
from the open-air side end edge of the seal attachment 
hole 407 radially outward; and a bearing attachment 

to hole 409 which extends further from the large-diameter 
end of the stepped end face 427 axially to the open-air 
side, and having a cylindrical shape of a relatively large 
diameter, arranged in the sequence from the apparatus 
interior to the open-air side. 

15 [0116] The bearing 423 has an outer race 424 
attached to the inner periphery of the shaft hole 402 of 
the housing 401 (inner periphery of the large-diameter 
hole 409); an inner race 425 attached to the outer 
periphery of the shaft 403 and a rotating members 426 

20 such as balls, in a desired number, rotatably provided 
between the both races 424 and 425, and is provided to 
support rotation of the shaft 403. The sealing apparatus 
is attached to the apparatus interior side of the bearing 
423. 

25 [0117] The sealing apparatus has a reinforcing ring 
41 1 made of a rigid material fixed to a housing 401 , pro- 
vided with a cylindrical portion 412; a stationary sealing 
portion 418 made of a rubber-like elastic material for 
sealing the space between the reinforcing ring 41 1 and 

30 the inner periphery of the housing 401 , attached to the 
reinforcing ring 411; and a sealing lip 419 made of a 
rubber like- elastic material sliding in close contact with 
the shaft 403, supported by the reinforcing ring 41 1 . 
[0118] The reinforcing ring 41 1 is a metal ring made 

35 from a metal plate formed into an L-shaped cross-sec- 
tion, attached to the inner periphery of the seal attach- 
ment hole 407 of the shaft hole 402 of the housing 401 
via a stationary sealing portion 418 made of a rubber- 
like elastic material. The reinforcing ring 41 1 has sub- 

40 stantially a cylindrical portion 412 having the stationary 
sealing portion 418 attached to the outer periphery 
thereof; an engagement area expanding section 413 
which is continuous to an open-air side end of the cylin- 
drical portion 412, has a larger diameter than the cylin- 

45 drical portion 412, and is arranged near the inner 
periphery of the seal attachment hole 407 of the hous- 
ing 401, for expanding the engagement area with an 
outer race of a bearing; and an inward flange portion 
411 extending from the engagement area expanding 

so section 41 3 radially inward. These components are inte- 
grally formed in this order. 

[01 1 9] A tapered portion 41 5 continuous to the cylin- 
drical portion 412, a cylindrical portion 416, and a bend 
417 continuous to the inward flange portion 414 are 
55 formed in this order integrally with the engagement area 
expanding section 413. The cylindrical portion 416 has 
the largest diameter and is continuous to the cylindrical 
portion 412 via the tapered portion 415 of which the 
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diameter is reduced from the apparatus interior side 
(sealing liquid side) end of the cylindrical portion 416 
toward the sealing liquid side. The open-air side end of 
the cylindrical portion 416 is continuous to the inward 
flange portion 414 via the bend 417 acutely bending 5 
radially inward. 

[0120) The engagement area expanding section 413 
is mostly located in the seal attachment hole 407 of the 
housing, and is formed by extending, bulging or bending 
the open-air end forming a part of the outer periphery of ?o 
the reinforcing ring 41 1 radially outward, i.e., to the inner 
periphery side of the seal attachment hole 407 of the 
housing 401. The maximum outside diameter is larger 
than the outside diameter of the cylindrical portion 412, 
and slightly smaller than the inside diameter of the seal is 
attachment hole 407. It is sufficiently larger than the 
inside diameter of the outer race of the bearing 423 so 
as to expand the axial engagement area with the outer 
race. 

[01 21 ] The outside diameter of the cylindrical portion 20 
412 is smaller than the inside diameter of the seal 
attachment hole 407. The maximum outside diameter of 
the engagement area expanding section 413 is very 
slightly smaller than the inside diameter of the seal 
attachment hole 407. 25 
[01 22 J A part of the engagement area expanding sec- 
tion 413, i.e., the angle between the cylindrical portion 
41 6 and the bend 41 7 takes the form of a projection 428 
projecting from the inward flange portion 414 to the 
open-air side. This projection 428 is arranged so as to 30 
project from the step end face 427 to the open-air side, 
and comes into contact with the apparatus interior side 
end face of the outer race 424. An axial gap having a 
prescribed size is provided between the apparatus inte- 
rior side end face and the step end face 427 of the outer 35 
race 424. 

[0123] The stationary sealing portion (also called the 
rubber portion) 418 made of a rubber-like elastic mate- 
rial is vulcanization-bonded to the outer peripheral sur- 
face of the cylindrical portion 412. A sealing lip 419 40 
made of a rubber-like elastic material (also called the 
rubber lip) is vulcanization-bonded on the inner periph- 
ery sides of the cylindrical portion 412 of the engage- 
ment area expanding section 413, on the apparatus 
interior side of the flange portion 414. The stationary 45 
sealing portion 418 and the sealing lip 419 are con- 
nected to each other via a connecting portion 420 posi- 
tioned at an end of the cylindrical portion 412 and 
integrally vulcanization-formed. The sealing lip 419 is of 
the double type having a first and a second seal ends so 
429 and 430. It has a garter spring 431 attached to the 
outer periphery thereof. A dust lip 432 made of a rub- 
ber-like elastic material is integrally formed toward the 
open-air side at the radial inside end of the flange por- 
tion 414 on the back side of the sealing lip 419, and ss 
slides in close contact with the shaft 403. In the lip-type 
seal, all parts and components form an annular endless 
circuit 



[0124] The above-mentioned sealing apparatus is 
attached onto the inner periphery of the shaft hole 402 
of the housing 401 as shown in Fig. 10, and is to seal, 
the sealing liquid (not shown) at the top in the drawing. 
The configuration described above brings about the fol- 
lowing advantages. 

[0125] More specifically, because the engagement 
area expanding section 413 extending to the housing 
401 side and substantially expanding the axial engage- 
ment area with the outer race 424 of the bearing 423 is 
integrally provided as a part thereof, the reinforcing ring 
411 is firmly held by the outer race 424, and the outer 
race 424 is never moved by pressing. As a result , the 
lip-type seal never inclines, thus permitting full display of 
an excellent sealing property for a long period of time. 
The reinforcing ring 41 1 including the engagement area 
expanding section 413 directly engages with the outer 
race, whereas engagement may be made via a buffer 
material (not shown) such as a rubber film. 

Fifth Embodiment 

[0126] As shown in Fig. 1 1 , a lip-type seal of the fifth 
embodiment is an oscillating seal for power steering. 
The seal of this embodiment is inserted into a shaft hole 
502 of a housing 501 serving as one of relatively moving 
members from the open-air side thereof (also called the 
anti-sealing liquid side; top and bottom sides in Fig. 1 1), 
attached to the inner periphery of the shaft hole 502, 
slides in close contact with the peripheral surface of a 
shaft 503 serving as the other of the relatively moving 
members, prevents axial coming-off, holds or retains by 
means of an outer race 524 of a bearing 523 serving as 
a stop functional member. In Rg. 1 1, the upper side of 
the sealing apparatus is the sealing liquid side (also 
called the internal liquid side, or the apparatus interior 
side) and the lower side is the open-air side. 
[01 27] The inner periphery of the shaft hole 502 of the 
housing has a stepped cylindrical shape of which the 
diameter becomes smaller from the open-air side 
toward the apparatus interior side, and has a small- 
diameter hole 505 located deep in the apparatus and 
presenting a cylindrical shape of a relatively small diam- 
eter; a step end face 506 extending from the open-air 
side end edge of the small-diameter hole 505 radially 
outward; a cylindrical seal attachment hole 507, hous- 
ing a larger diameter than the small-diameter hole, and 
extending from the outside-diameter end of the stepped 
end face 506 axially toward the open-air side, to which 
the lip type seal is attached and fixed; a stepped end 
face 527 extending from the open-air side edge of the 
seal attachment hole 507 radially outward; and a bear- 
ing attachment hole 509 which extends further from the 
large-diameter end of the stepped end face 527 axially 
to the open-air side, and having a cylindrical shape of a 
relatively large diameter, arranged in the sequence from 
the apparatus interior to the open-air side. 
[0128] The bearing 523 has an outer race 524 
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attached to the inner periphery of the bearing attach- 
ment hole 509 of the housing 501; an inner race 525 
attached to the outer periphery of the shaft 503 and a 
rotating members 526 such as balls, in a desired 
number, rotatably provided between the both races 524 
and 525, and is provided to support rotation of the shaft 
503. The lip-type seal is attached to the apparatus inte- 
rior side of the bearing 523. 

[01291 The sealing apparatus has a reinforcing ring 
51 1 made of a rigid material fixed to a housing 501 , pro- 
vided with a cylindrical portion 512; a stationary sealing 
portion 518 made of a rubber-like elastic material for 
sealing the space between the reinforcing ring 51 1 and 
the inner periphery of the housing 501 , attached to the 
reinforcing ring 511; and a sealing lip 519 made of a 
rubber-like elastic material sliding in close contact with 
the shaft 503, supported by the reinforcing ring 51 1 . 
[0130] The reinforcing ring 51 1 is a metal ring such as 
a metal plate attached to the inner periphery of the shaft 
hole 502 of the housing 501 (inner periphery of the seal 
attachment hole 507) via the stationary sealing portion 
518 made of a rubber-like elastic material. The reinforc- 
ing ring 51 1 has a first cylindrical portion 512 to which 
the stationary sealing portion 518 made of a rubber-like 
elastic material is attached; the engagement area 
expanding section 513 which is continuous to the open- 
air side end of the first cylindrical portion 512, has a 
larger diameter, and is arranged near the inner periph- 
ery of the seal attachment hole 507 of the housing 501 ; 
a reversal portion 533 where the sealing liquid side end 
of the first cylindrical portion 512 is reversed in to a U- 
shaped cross-section; a second cylindrical portion 534 
extending axially toward the open-air side via the 
reversal portion 533 with a prescribed distance from the 
cylindrical portion 512; and an inward flange portion 
514 extending from the open-air side end of the second 
cylindrical portion 534 radially inward. These compo- 
nents are integrally formed in this order. The maximum 
diameter of the engagement area expanding section 
513 is substantially equal to the bore diameter of the 
seal attachment hole 507, and larger than the inside 
diameter of the outer race 524. 
[0131J The engagement area expanding section 513 
has a cylindrical portion 516 having a larger diameter 
than the first cylindrical portion 512; and a tapered por- 
tion 515 continuous to the above-mentioned first cylin- 
drical portion 512, of which the diameter gradually 
becomes smaller from the sealing liquid side end of the 
cylindrical portion 516 toward the sealing liquid side. 
The engagement area expanding section 513 is formed 
by extending, bulging or bending the open-air end form- 
ing a part of the outer periphery of the reinforcing ring 
51 1 radially outward, i.e., to the inner periphery side of 
the seal attachment hole 507 of the housing 501 . The 
maximum outside diameter is larger than the outside 
diameter of the first cylindrical portion 512, and sub- 
stantially equal to the inside diameter of the seal attach- 
ment hole 507. It is sufficiently larger than the inside 



diameter of the outer race 524 of the bearing 523 so as 
to expand the axial engagement area with the outer 
race 524. 

[01 32] The outside diameter of the first cylindrical por- 
5 tion 512 is smaller than the inside diameter of the seal 
attachment hole 507. The maximum outside diameter of 
the engagement area expanding section 513 is sub- 
stantially equal to the inside diameter of the seal attach- 
ment hole 507. The inside diameter of the cylindrical 
10 portion 51 6 of the engagement area expanding section 
513 is larger than the inside diameter of the outer race 
524. 

[01 33} The open-air end face of the engagement area 
expanding section 513 is arranged substantially flush 

is with the stepped end face 527, and is in contact with the 
apparatus interior side end face of the outer race 524. 
The apparatus interior side end face of the outer race 
524 is in contact with the stepped end face 527. A radial 
gap of a prescribed size is provided between the first 

20 cylindrical portion 512 and the second cylindrical por- 
tion 534. 

[01 34] The stationary sealing portion (also called the 
rubber portion) 518 made of a rubber-like elastic mate- 
rial is vulcanization-bonded to the outer peripheral sur- 

25 face of the first cylindrical portion 51 2. A sealing lip 51 9 
made of a rubber-like elastic material (also called the 
rubber lip) is vulcanization-bonded on the inner periph- 
ery sides of the second cylindrical portion 534, on the 
apparatus interior side of the flange portion 514. The 

30 stationary sealing portion 518 and the sealing lip 519 
are connected to each other via a connecting portion 
520 positioned at an end of the reversal portion 533 and 
integrally vulcanization- formed. 
[01 35] The sealing lip 51 9 is of the double type having 

35 a first and a second seal ends 529 and 530. It has a gar- 
ter spring 531 attached to the outer periphery thereof. 
[0136] A dust lip 532 made of a rubber-like elastic 
material is integrally formed toward the open-air side at 
the radial inside end of the flange portion 514 on the 

40 back side of the sealing lip 51 9, and slides in dose con- 
tact with the shaft 503. In the lip-type seal, all parts and 
components form an annular endless circuit. 
[0137] The above-mentioned sealing apparatus is 
attached onto the inner periphery of the shaft hole 502 

45 of the housing 501 as shown in the drawing, and is to 
seal the sealing liquid (not shown) at the top in the draw- 
ing. The configuration described above brings about the 
following advantages. 

[0138] More specifically, because the engagement 
so area expanding section 513 extending to the housing 
501 side and substantially expanding the axial engage- 
ment area with the outer race 524 of the bearing 523 is 
integrally provided as a part thereof, the reinforcing ring 
511 is firmly held by the outer race 524, and the outer 
55 race 524 is never moved by pressing. As a result, the 
lip-type seal never inclines, thus permitting full display of 
an excellent sealing property for a long period of time. 
The reinforcing ring 51 1 including the engagement area 



14 



27 



EP 0 913 605 A2 



28 



expanding section 513 directly engages with the outer 
race, whereas engagement may be made via a buffer 
material (not shown) such as a rubber film. 
[01 39] When the first cylindrical portion 512 and the 
second cylindrical portion 534 are connected via the 
reversal portion 533 described above, the first cylindri- 
cal portion 512 has radial elasticity. Setting of a diame- 
ter of the engagement area expanding section 513 
equal to the bore diameter of the seal attachment hole 
507 causes no trouble in attachment, and the engage- 
ment area in the seal attachment hole 507 can be 
expanded to the maximum extent. 

Sixth Embodiment 

[0140] Fig. 1 2 illustrates a sealing apparatus of a sixth 
embodiment of the invention. 
[0141] A lip-type seal of the sixth embodiment is an 
oscillating seal for power steering. The seal of this 
embodiment is inserted into a shaft hole 602 of a hous- 
ing 601 serving as one of relatively moving members 
from the open-air side thereof (also called the anti-seal- 
ing liquid side; top and bottom sides in Fig. 12), 
attached to the inner periphery of the shaft hole 602, 
slides in close contact with the peripheral surface of a 
shaft 603 serving as the other of the relatively moving 
members, prevents axial coming-off holds or retains by 
means of an outer race 624 of the bearing 623 serving 
as a stop functional member. In Fig. 12, the upper side 
of the sealing apparatus is the sealing liquid side (also 
called the internal liquid side, or the apparatus interior 
side) and the lower side is the open-air side. 
[0142] The inner periphery of the shaft hole 602 of the 
housing has a stepped cylindrical shape of which the 
diameter becomes smaller from the open-air side 
toward the apparatus interior side, and has a small- 
diameter hole 605 located deep in the apparatus and 
presenting a cylindrical shape of a relatively small diam- 
eter; a step end face 606 extending from the open-air 
side end edge of the small-diameter hole 605 radially 
outward; a cylindrical seal attachment hole 607, having 
a larger diameter than the small-diameter hole, and 
extending from the outside-diameter end of the stepped 
end face 606 axial ly toward the open-air side, to which 
the lip type seal is attached and fixed; a stepped end 
face 627 extending from the open-air side end of the 
seal attachment hole 607 radially outward; and a bear- 
ing attachment hole 609 which extends further from the 
large-diameter end of the stepped end face 627 axially 
to the open-air side, and having a cylindrical shape of a 
relatively large diameter, arranged in the sequence from 
the apparatus interior to the open-air side. 
[0143] The bearing 623 has an outer race 624 
attached to the inner periphery of the bearing attach- 
ment hole 602 of the housing 601 ; an inner race 625 
attached to the outer periphery of the shaft 603 and a 
rotating members 626 such as balls, in a desired 
number, rotatably provided between the both races 624 



and 625, and is provided to support rotation of the shaft 
603. The lip-type seal is attached to the apparatus inte- 
rior side of the bearing 623. 

[0144] The sealing apparatus has a reinforcing ring 

5 61 1 made of a rigid material fixed to a housing 601 , pro- 
vided with a cylindrical portion 612; a stationary sealing 
portion 618 made of a rubber-like elastic material for 
sealing the space between the reinforcing ring 61 1 and 
the inner periphery of the housing 601 attached to the 

70 reinforcing ring 611; and a sealing lip 619 made of a 
rubber-like elastic material sliding in close contact with 
the shaft 603, supported by the reinforcing ring 61 1 . 
[01 45] The reinforcing ring 61 1 is a metal ring such as 
a metal plate attached to the inner periphery of the shaft 

15 hole 602 of the housing 601 (inner periphery of the seal 
attachment hole 607) via the stationary sealing portion 
618 made of a rubber-like elastic material. The reinforc- 
ing ring 611 has a cylindrical portion 612 to which the 
stationary sealing portion 618 made of rubber-like elas- 

20 tic material is attached; an inward flange portion 614 
extending from the open-air side end of the cylindrical 
portion 612 radially inward; a reversal portion 635 
where the inside-diameter end of the inward flange por- 
tion 614 is reversed in to a U-shaped cross-section; and 

25 an engagement area expanding section 613 having an 
outward flange shape or a collar shape, extending radi- 
ally outward via the reversal portion 635. There compo- 
nents are integrally formed in this order. 
[0146] The engagement area expanding section 613 

30 is provided by extending, bulging or bending a part of 
the reinforcing ring 61 1 , i.e., the open-air side end radi- 
ally outward, i.e., toward the housing side 601 into a 
flange shape. The maximum diameter thereof is larger 
than the outside diameter of the cylindrical portion 612 

35 and the inside diameter of the seal attachment hole 604, 
and sufficiently larger than the inside diameter of the 
outer race 624 of the bearing 623 so as to expand the 
axial engagement area with the outer race 624. 
[01 47] The outside diameter of the cylindrical portion 

40 612 is smaller than the inside diameter of the seal 
attachment hole 607. The maximum outside diameter of 
the engagement area expanding section 613 is larger 
than the inside diameter of the seal attachment hole 
607. The outer periphery edge of the engagement area 

45 expanding section 613 is held between the apparatus 
interior side end face and the stepped end face 627 of 
the outer race 624. 

[0148] An axial gap of a prescribed size is provided 
between the open-air side end face of the engagement 

so area expanding section and the apparatus interior side 
end face of the inner race 625 of the bearing 623 with a 
view to preventing interference of the both faces. An 
axial gap of a prescribed size is also provided between 
the apparatus interior side end face of the engagement 

55 area expanding section 613 and the open-air side end 
face of the flange portion 614. 
[01 49] As described above, the stationary sealing por- 
tion 618 (also called portion) made of a rubber-like elas- 
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tic material is vulcanization-bonded to the outer 
peripheral surface of the cylindrical portion 612. A seal- 
ing lip 61 9 (also called the rubber lip) made of a rubber- 
like elastic material is vulcanization-bonded to the inner 
periphery of the cylindrical portion 612 on the apparatus 
interior side of the flange portion 614. The stationary 
sealing portion 618 and the sealing lip 619 are con- 
nected to each other via a connecting portion 620 
located at an end of the cylindrical portion 612, and are 
integrally vulcanization-formed. The sealing lip 619 is of 
the double type having a first and a second sealing ends 
629 and 630, and a spring ring 631 such as a garter 
spring is attached to the outer periphery thereof. 
[0150] A dust lip 632 made of a rubber-like elastic 
material is integrally formed toward the open-air side at 
the radial inside end of the reversal portion 635 on the 
back side of the sealing lip 619, and slides in close con- 
tact with the shaft 603. In the lip-type seal, all parts and 
components form an annular endless circuit 
[0151] The above-mentioned sealing apparatus is 
attached onto the inner periphery of the shaft hole 602 
of the housing 601 as shown in the drawing, and is to 
seal the sealing liquid (not shown) at the top in the draw- 
ing. The configuration described above brings about the 
following advantages. 

[0152] More specifically, because the engagement 
area expanding section 613 extending to the housing 
601 side, substantially expanding the axial engagement 
area with the outer race 624 of the bearing 623, and 
held and supported between the outer race 624 and the 
stepped end face 627 of the housing 601 is integrally 
provided as a part of the reinforcing ring 61 1 , the rein- 
forcing ring 61 1 is firmly held by the outer race 624, and 
the outer race 624 is never moved by pressing. 
[01 53] As a result the lip seal never inclines, thus per- 
mitting full display of an excellent sealing property for a 
long period of time. The reinforcing ring 61 1 including 
the engagement area expanding section 613 directly 
engages with the outer race, whereas engagement may 
be made via a buffer material (not shown) such as a 
rubber film. 

[01 54] Since the engagement area expanding section 
613 is held between the stepped end face 627 and the 
outer race 624 by face contact, when there is a devia- 
tion in the degree of right angles between the engage- 
ment area expanding section 613 and the cylindrical 
portion 612 to be covered with the stationary sealing 
portion 618, the stationary sealing portion 18 may 
incline without a reversal portion 635. The deviation is 
however absorbed by the reversal portion 635, and it is 
possible to attach the stationary sealing portion 18 axi- 
ally in a normal state. 

Seventh Embodiment 

[0155] As shown in Fig. 13, the lip-type seal of the 
seventh embodiment is a an oscillating seal for power 
steering. The seal of this embodiment is inserted into a 



shaft hole 702 of a housing 701 serving as one of rela- 
tively moving members from the open-air side thereof 
(also called the anti-sealing liquid side; top and bottom 
sides in Fig. 13), attached to the inner periphery of the 

5 shaft hole 702, sides in close contact with the peripheral 
surface of a shaft 703 serving as the other of the rela- 
tively moving members, prevents axial coming-off, holds 
or retain by means of an outer race 724 of a bearing 723 
serving as a stop functional member. In Fig. 13, the 

io upper side of the sealing apparatus is the sealing liquid 
side (also called the internal liquid side, or the appara- 
tus interior side) and the lower side is the open-air side. 
[01 56] The inner periphery of the shaft hole 702 of the 
housing 701 has a stepped cylindrical shape of which 

is the diameter becomes smaller from the open-air side 
toward the apparatus interior side, and has a small- 
diameter hole 705 located deep in the apparatus and 
presenting a cylindrical shape of a relatively small diam- 
eter; a step end face 706 extending from the open-air 

20 side end edge of the small-diameter hole 705 radially 
outward; a cylindrical seal attachment hole 707, hous- 
ing a larger diameter than the small-diameter hole, and 
extending from the outside-diameter end of the stepped 
end face 706 axially toward the open-air side, to which 

25 the lip type seal is attached and fixed; a stepped end 
face 727 extending from the open-air side edge of the 
seal attachment hole 707 radially outward; and a bear- 
ing attachment hole 709 which extends further from the 
large-diameter end of the stepped end face 727 axially 

30 to the open-air side, and having a cylindrical shape of a 
relatively large diameter, arranged in the sequence from 
the apparatus interior to the open-air side. 
[0157] The bearing 723 has an outer race 724 
attached to the inner periphery of the bearing attach- 

35 ment hole 709 of the housing 701; an inner race 725 
attached to the outer periphery of the shaft 703 and a 
rotating members 726 such as balls, in a desired 
number, rotatably provided between the both races 724 
and 725, and is provided to support rotation of the shaft 

40 703. The lip-type seal is attached to the apparatus inte- 
rior side of the bearing 723. 

[0158] The sealing apparatus has a reinforcing ring 
71 1 made of a rigid material fixed to a housing 701 , pro- 
vided with a cylindrical portion 712; a stationary sealing 

45 portion 718 made of a rubber-like elastic material for 
sealing the space between the reinforcing ring 71 1 and 
the inner periphery of the housing 701 , attached to the 
reinforcing ring 711; and a sealing lip 719 made of a 
rubber-like elastic material sliding in close contact with 

so the shaft 703, supported by the reinforcing ring 71 1 . 
[01 59] The reinforcing ring 71 1 is a metal ring such as 
a metal plate attached to the inner periphery of the shaft 
hole 702 of the housing 701 (inner periphery of the seal 
attachment hole 707) via the stationary sealing portion 

55 718 made of a rubber-like elastic material. The reinforc- 
ing ring 711 has a first cylindrical portion 712 to which 
the stationary sealing portion 71 8 made of a rubber-life 
elastic material is attached; the engagement area 
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expanding section 713 which extends radially outward 
from the open-air side end of the first cylindrical portion 
712 into a flange shape or collar shape; a reversal por- 
tion 733 where the sealing liquid side end of the first 
cylindrical portion 712 is reversed axially toward the 
open-air side into a U-shaped cross-section; a second 
cylindrical portion 734 extending axially toward the 
open-air side via the reversal portion 733 with a pre- 
scribed distance from the cylindrical portion 712; and an 
inward flange portion 714 extending from the open-air 
side end of the second cylindrical portion 734 radially 
inward. The maximum diameter of the engagement 
area expanding section 713 is larger than the bore 
diameter of the seal attachment hole 707, and larger 
than the inside diameter of the outer race 724 of the 
bearing 723. The outside-diameter side portion of the 
engagement area expanding section 713 is held 
between the sealing liquid side surface of the outer race 
724 and the stepped end face on the boundary between 
the seat attachment hole 707 and the bearing attach- 
ment hole 709. 

[0160] An outward flange portion 736 continuous to 
the cylindrical portion 712 and a cylindrical portion (also 
called the annular convex portion) 737 in face-contact 
with the stepped end face 727, bent from the outer 
peripheral end of the flange portion 736 toward the 
apparatus interior side are integrally formed in this order 
with the engagement area expanding section 713. The 
engagement area expanding section 713 is provided by 
extending, bulging or bending a part of the reinforcing 
ring 71 1 , i.e., the open-air side end of the cylindrical 
portion 712 radially outward, i.e., toward the housing 
side 701 into a flange shape. The maximum diameter 
thereof is larger than the outside diameter of the cylin- 
drical portion 712 and the inside diameter of the seal 
attachment hole 704, and sufficiently larger than the 
inside diameter of the outer race 724 of the bearing 723 
so as to expand the axial engagement area with the 
outer race 724. 

[01 61 ] The outside diameter of the cylindrical portion 
712 is smaller than the inside diameter of the seal 
attachment hole 707. The maximum outside diameter of 
the engagement area expanding section 713 is larger 
than the inside diameter of the seal attachment hole 
707. The outer periphery edge of the engagement area 
expanding section 713 is held between the apparatus 
interior side end face and the stepped end face 727 of 
the outer race 724. 

[0162] The engagement area expanding section 713 
and the inner race 725 of the bearing 723 are not in con- 
tact with each other with a view to preventing interfer- 
ence of the both faces. An axial gap of a prescribed size 
is also provided between the cylindrical portion 712 and 
the second cylindrical portion 734. 
[0163] The stationary sealing portion made of a rub- 
ber-like elastic material (also called the first stationary 
sealing portion or the rubber portion) 718 is vulcaniza- 
tion-bonded to the outer periphery surface of the cylin- 



drical portion 712. A sealing lip (also called the rubber 
lip) 719 made of a rubber-like elastic material is vulcan- 
ization-bonded to the inner peripheral side of the sec- 
ond cylindrical portion 734 on the apparatus interior 

5 side of the flange portion 71 4. A second stationary seal- 
ing portion 738 made of rubber-like elastic material is 
vulcanization-bonded to the apparatus interior side end 
face of the engagement area expanding section 713. 
The stationary sealing portion 718 and the sealing lip 

70 719 are connected to each other via a connecting por- 
tion 720 located at an end of the reversal portion 733. 
The stationary sealing portion 718 and the second sta- 
tionary sealing portion 738 directly connected to each 
other, and these are integrally vulcanization-formed. 

J5 The sealing lip 719 is of the double type having a first 
and a second seal ends 729 and 730, and a spring ring 
731 such as a garter spring is attached to the outer 
periphery thereof. A dust lip 732 made of a rubber-like 
elastic material is integrally toward the open-air side 

20 with the radial inner end of the flange portion 71 4 on the 
back side of the sealing lip 719, and slides in close con- 
tact with the peripheral surface of the shaft 703. TTie 
second stationary sealing portion 738 has a flange por- 
tion 739 vulcanization-bonded to the apparatus interior 

2s side end face of the flange portion 736 of the engage- 
ment area expanding section 713 and continuous to the 
stationary sealing portion 718, and a cylindrical portion 
(also called the annular convex portion or the annular 
seal projection) 740 integrally formed from the outer 

3 o periphery end of the flange portion 739 toward the 
apparatus interior side and in end-face contact end face 
727. In this lip-type seal, all the parts and components 
form an annular endless circuit. 
[0164] The above-mentioned sealing apparatus is 

35 attached onto the inner periphery of the shaft hole 702 
of the housing 701 as shown in the drawing, and is to 
seal the sealing liquid (not shown) at the top in the draw- 
ing. The configuration described above brings about the 
following advantages. 

40 [0165] More specifically, because the engagement 
area expanding section 713 extending to the housing 
701 side, substantially expanding the axial engagement 
area with the outer race 724 of the bearing 723. and 
held and supported between the outer race 724 and the 

45 stepped end face 727 of the housing 701 is integrally 
provided as a part of the reinforcing ring 71 1 , the rein- 
forcing ring 71 1 is firmly held by the outer race 724, and 
the outer race 724 is never moved by pressing. As a 
result, the lip seal never inclines, thus permitting full dis- 

so play of an excellent sealing property for a long period of 
time. Because the second stationary sealing portion 
738 in end-face contact with the stepped end face 727, 
being held between the outer race 724 and the stepped 
end face 727, sealing property is high on the stationary 

55 side. While the reinforcing ring 711 including the 
engagement area expanding section 713 directly 
engages with the outer race 724, engagement may be 
made via a buffer material (not shown) such as a rubber 
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film. 

[0166] There various other embodiments of bending 
of the reinforcing ring 711 apart from those mentioned 
above. Seal durability and sealing property can be 
improved by maximizing the ring outside diameter within s 
the allowable limits, forming the ring into a flange or col- 
lar shape, holding the housing and the bearing in 
between, forming the ring into a collar shape, or impart- 
ing seal property by crushing. 

[0167] The engagement area expanding section 713 10 
is held between the stepped end face 727 and the outer 
race 724 in the present embodiment as in the sixth 
embodiment. Unlike the sixth embodiment however, 
contact is partial under the effect of the cylindrical por- 
tion 737 at the outside-diameter end. Even there is a is 
variation in the degree of right angles between the 
engagement area expanding section 713 and the first 
cylindrical portion 712, therefore, the stationary sealing 
portion 718 never inclines, and it is possible to attach 
the stationary sealing portion 718 axially in a normal 20 
state. The first cylindrical portion 712 is connected to 
the second cylindrical portion 734 via the reversal por- 
tion 733. and the first cylindrical portion 712 is radially 
elastic. It is therefore possible to bring the stationary 
sealing portion 718 into close contact certainly with the 25 
inner periphery of the seal attachment hole 707. 

Claims 

1. A sealing apparatus of a lip-type seal structure, 30 
which is f ixed to one of relatively movable two mem- 
bers and is slidable in tight contact to another one 

of movable members, comprising: 

a reinforcing ring, made of a rigid material, hav- 35 
ing a cylindrical portion, and fixed to said one of 
movable members; 

a stationary sealing portion mounted to the 
reinforcing ring so as to seal a gap between the 
reinforcing ring and said one of movable mem- 40 
bers; 

a sealing lip supported by the reinforcing ring to 
be slidable in contact to said another one of 
movable members; 

a stopper member fixed to said one of movable 45 
members for preventing the reinforcing ring 
from coming off through axial engagement with 
the stopper member, 

wherein said reinforcing ring is provided with 
an engagement area expanding section being 50 
arranged near said one of movable members 
and expanding an engagement area with said 
stopper member. 

2. A sealing apparatus according to claim 1, wherein 55 
said stopper member is a stop ring to be engaged 
with an engagement groove formed to an open-air 
side end portion of a seal fitting hole on an inner 



periphery of a shaft hole of a housing as said one of 
movable members, and said reinforcing ring com- 
prises a cylindrical portion to which the stationary 
sealing portion made of a rubber-like elastic mate- 
rial is applied, an engagement area expanding sec- 
tion, continuous to the open-air side end portion of 
said cylindrical portion, having a diameter larger 
than that of the cylindrical portion and being 
arranged near the inner periphery of the shaft hole, 
and an inward flange portion extending from the 
engagement area expanding section in a radially 
inward direction, said engagement area expanding 
section being positioned within the seal fitting hole 
and having a largest outer diameter smaller than a 
diameter of the seal fitting hole and larger than an 
inner diameter of the stop ring. 

3. A sealing apparatus according to claim 2, wherein a 
large-diameter hole having a diameter larger than 
that of the seal fitting hole is formed on the inner 
periphery of the shaft hole of the housing on the 
open-air side of the seal fitting hole, a tapered hole 
which gradually diverges toward the open-air side 
and is continuous to the large-diameter hole is 
formed at the open-air side end portion of the seal 
fitting hole, and the engagement groove for the stop 
ring is formed at a boundary position between the 
open-air side end portion of the tapered hole and 
the large-diameter hole. 

4. A sealing apparatus according to claim 2, wherein a 
claw extending from an inner-diameter end portion 
of the inward flange portion in an axial direction 
toward the axial open-air side is provided to the 
inner-diameter end portion of the reinforcing ring, 
said claw having an end portion bent outward in a 
radial direction. 

5. A sealing apparatus according to claim 2, wherein 
said sealing lip is composed of a first sealing lip 
section which is provided on a first sealing member 
formed of a rubber-like elastic material to be inte- 
gral with the reinforcing ring and a second sealing 
lip section which is provided on a second sealing 
member made of a resin which is assembled 
between the first sealing member and the inward 
flange portion of the reinforcing ring so as to sup- 
port the open-air side surface of the first sealing lip 
section, said first sealing member being connected 
to the inner periphery of the cylindrical portion of 
the reinforcing ring and has a main body opposing 
to the inward flange portion, said first sealing lip 
section extending from the main body axially toward 
the sealing liquid side and having a lip leading end 
portion in contact to an outer periphery of the shaft 
in a sealed manner, said second sealing member 
having a flange portion held between a radial por- 
tion of the first sealing member and the inward 
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flange portion of the reinforcing ring, and said sec- 
ond sealing lip section being inserted from the 
inner-diameter end portion of the flange portion into 
an annular space between the first sealing lip sec- 
tion and the outer peripheral surface of the shaft 5 
through a bent portion and having an inner periph- 
ery to be slidable in contact to the outer periphery of 
the shaft. 

6. A sealing apparatus according to claim 5. wherein 10 
an auxiliary metal ring is disposed between the sec- 
ond sealing member and the first sealing member, 
said auxiliary metal ring being provided with a sup- 
port which is inserted between the first sealing lip 
section and the second sealing lip section so as to is 
support the first sealing lip section. 

7. A sealing apparatus according to claim 1 , wherein 
said stopper member is an outer race of a bearing 

to be fitted to a seal fitting hole having a diameter 20 
larger than that of the seal fitting hole formed adja- 
cent to the open-air side of the seal fitting hole of 
said one of movable member as a housing, and 
said reinforcing ring comprises a cylindrical portion 
to which the stationary sealing portion made of a 25 
rubber-like elastic material is applied, an engage- 
ment area expanding section, continuous to the 
open-air side end portion of said cylindrical portion, 
having a diameter larger than that of the cylindrical 
portion and being arranged near the inner periph- 30 
ery of the shaft hole, and an inward flange portion 
extending from the engagement area expanding 
section in a radially inward direction, said engage- 
ment area expanding section having a largest outer 
diameter smaller than a diameter of the seal fitting 35 
hole and larger than an inner diameter of the outer 
race of the bearing. 

8. A sealing apparatus according to claim 7, wherein 
said engagement area expanding section has a 40 
portion formed so as to project from the open-air 
side end surface of the inward flange portion axially 
toward the open-air side. 

9. A sealing apparatus according to claim 1 , wherein 45 
said stopper member is an outer race of a bearing 

to be fitted to a bearing fitting hole having a diame- 
ter larger than that of the seal fitting hole formed 
adjacent to the open-air side of the seal fitting hole 
of said one of movable member as a housing, and so 
said reinforcing ring comprises a first cylindrical 
portion to which the stationary sealing portion 
made of a rubber-like elastic material is applied, an 
engagement area expanding section, continuous to 
the open-air side end portion of said first cylindrical ss 
portion, having a diameter larger than that of the 
first cylindrical portion and being arranged near the 
inner periphery of the seal fitting hole of the hous- 



ing, a reversal portion which is reversed into a U- 
shaped cross-section axially toward the open-air 
side from the sealing liquid side end of the first 
cylindrical portion, a second cylindrical portion 
extending axially toward the open-air side with a 
predetermined distance from the first cylindrical 
portion through the reversal portion, and an inward 
flange portion extending from the open-air side end 
of the second cylindrical portion in a radial inward 
direction, and said engagement area expanding 
section having a largest diameter substantially 
equal to a diameter of the seal fitting hole and larger 
than an inner diameter of the outer race of the bear- 
ing. 

10. A sealing apparatus according to claim 1, wherein 
said stopper member is an outer race of a bearing 
to be fitted to a bearing fitting hole having a diame- 
ter larger than that of the seal fitting hole formed 
adjacent to the open-air side of the seal fitting hole 
of said one of movable member as a housing, and 
said reinforcing ring comprises a cylindrical portion 
to which the stationary sealing portion made of a 
rubber-like elastic material is applied, an inward 
flange portion extending inward in a radial direction 
from the open-air side end of the cylindrical portion, 
a reversal portion which is reversed into a U- 
shaped cross section axially outward from the 
inner-diameter end portion of the inward flange por- 
tion and an engagement area expanding section 
extending radially outward through the reversal por- 
tion, said engagement area expanding section hav- 
ing a largest outer diameter larger than a diameter 
of the seal fitting hole and larger than an inner 
diameter of the outer race of the bearing, and said 
engagement expanding section having an outer- 
diameter side end portion held between the sealing 
liquid side surface of the outer race and a boundary 
stepped portion of the seal fitting hole and the bear- 
ing fitting hole. 

11. A sealing apparatus according to claim 1, wherein 
said stopper member is an outer race of a bearing 
to be fitted to a bearing fitting hole having a diame- 
ter larger than that of the seal fitting hole formed 
adjacent to the open-air side of the seal fitting hole 
of said one of movable member as a housing, and 
said reinforcing ring comprises a first cylindrical 
portion to which the stationary sealing portion 
made of a rubber-like elastic material is applied, an 
engagement area expanding section extending out- 
ward in the radial direction from the open-air side 
end portion of the first cylindrical portion, a reversal 
portion which is reversed into a U-shaped cross- 
section axially toward the open-air side from the 
sealing liquid side end of the first cylindrical portion, 
a second cylindrical portion extending axially 
toward the open-air side with a predetermined dis- 
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tance from the first cylindrical portion through the 
reversal portion, and an inward flange portion 
extending from the open-air side end of the second 
cylindrical portion in a radial inward direction, and 
said engagement area expanding section having a 5 
largest diameter larger than a diameter of the seal 
fitting hole and larger than an inner diameter of the 
outer race of the bearing, and said engagement 
expanding section having an outer-diameter side 
end portion held between the sealing liquid side 10 
surface of the outer race and a boundary stepped 
portion of the seal fitting hole and the bearing fitting 
hole. 
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